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Normal and tumor-derived myoepithelial cells differ in
their ability to interact with luminal breast epithelial
cells for polarity and basement membrane deposition
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Summary

The signals that determine the correct polarity of breast
epithelial structures in vivo are not understood. We have
shown previously that luminal epithelial cells can be myoepithelial cells to producen-1 chain of laminin. In vivo,
polarized when cultured within a reconstituted basement breast carcinomas were either negative for laminin-1 (7/12
membrane gel. We reasoned that such cues in vivo may be biopsies) or showed a focal, fragmented deposition of a less
given by myoepithelial cells. Accordingly, we used an assay intensely stained basement membrane (5/12 biopsies). Dual
where luminal epithelial cells are incorrectly polarized to  staining with myoepithelial markers revealed that tumor-

correction of polarity in a fraction of acini. This behavior
was directly related to the ability of the tumor

test this hypothesis. We show that culturing human
primary luminal epithelial cells within collagen-I gels leads
to formation of structures with no lumina and with reverse
polarity as judged by dual stainings for sialomucin,
epithelial specific antigen or occludin. No basement
membrane is deposited, andp4-integrin staining is
negative. Addition of purified human myoepithelial cells
isolated from normal glands corrects the inverse polarity,
and leads to formation of double-layered acini with central
lumina. Among the laminins present in the human breast
basement membrane (laminin-1, -5 and -10/11), laminin-1
was unique in its ability to substitute for myoepithelial cells

associated myoepithelial cells were either negative or
weakly positive for expression of laminin-1, establishing a
strong correlation between loss of laminin-1 and breast
cancer. We conclude that the double-layered breast acinus
may be recapitulated in culture and that one reason for the
ability of myoepithelial cells to induce polarity is because
they are the only source of laminin-1 in the breast in vivo.
A further conclusion is that a majority of tumor-derived/-
associated myoepithelial cells are deficient in their ability
to impart polarity because they have lost their ability to
synthesize sufficient or functional laminin-1. These results
have important implications for the role of myoepithelial

in polarity reversal.

Myoepithelial cells were purified also from four different
breast cancer sources including a biphasic cell line. Three
out of four samples either totally lacked the ability to
interact with luminal epithelial cells, or conveyed only

cells in maintenance of polarity in normal breast and how
they may function as structural tumor suppressors.

Key words: Breast cancer, Morphogenesis, Laminin, Reversion,
Polarity, Myoepithelial function

Introduction of laboratories including ours have postulated that intact
The normal human breast gland comprises a branching duct&yoepithelial cells are an important determinant of normal
lobular system lined by an inner layer of luminal epithelial celldreast differentiation, and that loss of their functions could
and an outer layer of myoepithelial cells separated from theontribute to induction and/or progression of epithelial cancer
interstitial stroma by an intact basement membrane. TheZou et al., 1994; Radice et al., 1997; Sternlicht et al., 1997;
luminal epithelial cells are polarized glandular cells withPéchoux et al., 1999; Slade et al., 1999). Indeed a number of
specialized apical and basolateral membrane domainByoepithelial-specific proteins have been shown to inhibit
expressing sialomucin and adhesion molecules, respectivedpithelial tumor formation and, thus, these cells are postulated
(Rgnnov-Jessen et al., 1996). The myoepithelial cell®o have tumor suppressive activities (Gomm et al., 1997,
contribute significantly to the formation of basementSternlichtetal., 1997; Shao et al., 1998; Sun et al., 1999). The
membrane, and their myogenic differentiation is responsibleumor-suppressive proteins includesmooth muscle actin

for the contractile phenotype mediated by oxytocin (Murrell(Tobacman, 1997; Okamoto-Inoue et al., 1999), cytokeratin 5
1995). Because breast cancer arises mainly in the luminéZajchowski et al., 1990)a6 integrin (Sager et al., 1993),
epithelial compartment, until recently little attention was paidcaveolin-1 (Lee et al., 1998), connexin 43 (Hirschi et al., 1996),
to the role of the surrounding cells in breast function. A numbemaspin (Zou et al., 1994), TIMP-1 (Sternlicht et al., 1997),
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myoepithelium-derived serine proteinase inhibitor (MEPI)cell line purified by anti-Thy-1 (ASO2,) and immortalized by
(Xiao et al., 1999), relaxin (Bani et al., 1994) and activin (Liutransfection with a retroviral contruct (LXSN; ATCC) containing the
et al., 1996). HPV16 E6 and E7 oncogenes (Band et al.,, 1990) as described

Whereas these data provide correlative support fopreviously (Péchoux et al.,, 1999). As control cells we used purified

myoepithelial-specific proteins to act as tumor Suppressogbroblasts from reduction mammoplasties (Rgnnov-Jessen and

: : . : i1 etersen, 1993), a human osteosarcoma cell line, Saos-2 (Clontech,
When.overexpressed in luminal eplthe_hal g:eIIs, there is littl alo Alto. CA) and HMT-3909S16 (see below).
experlmental data to shOV\_I how myoep',the“"?ll c;ells themselves The cancer myoepithelial cell line, HMT-3909S16, was purified
could fulfill such a function. In addition, it is not known fom HMT-3909513 (Petersen et al., 1990) by first collecting floating
whether myoepithelial cells change function with the procesgelis after plating had taken place for the majority of the cells, and
of tumor formation (Wetzels et al., 1989; Malzahn et al., 1998)ransferring these to another culture flask. Next, the myoepithelial
Since there were no assays to assess the functional activitiescells were purified by immunomagnetic sorting (see above) with anti-
myoepithelial cells, we set out first to establish an assay, ared-integrin (VLA-1, T Cell Diagnostics, Cambridge, MA) as
second to investigate whether normal and tumor-derivetftaining antibody sincel-integrin has been shown to be specific for
myoepithelial cells behave differently in such assays. We shotyoepithelial cells (Rennov-Jessen et al., 1996). The subline has now

that normal myoepithelial cells can re-establish polarity irfP€€n cultured for 63 passages. . o
luminal epithel)i/al F():ells in 3D collagen-I gels Iegdingtyto Clonal cultures of HMT-3909S13 were obtained by plating single

formation of double-layered acini. We further show that ever(fe”S atlow density in T-25 flasks.
when tumor-derived myoepithelial cells retain myoepithelial
characteristics, they differ from those derived from non-Collagen-I gel and rBM experiments

malignant cells in this assay. Finally, we show that thecor 3D cultures, 1P luminal epithelial cells were plated inside
functional difference between non-malignant and tumorhydrated collagen-I gel (Vitrogen100) or a reconstituted basement
derived myoepithelial cells appears to be the production ghembrane (rBM; Matrigel®, lot# 40230A, Collaborative Biomedical
basement membrane protein laminin-1. Products, Bedford, MA). In some experiments rBM was added to a
final concentration of 10% (volume) to the collagen | gels. The
collagen-l gels were prepared according to the manufacturer's
Materials and Methods instructions. Experiments were carried out in 24-well dishes using 500
ul collagen-I gel or 30@ rBM and single cell suspensions. Whenever
Cell culture co-culture experiments were performed, the interacting cells were
Breast luminal epithelial cells and myoepithelial cells were generategremixed in equal numbers in suspension prior to embedding in gels.
from primary cultures of biopsies from patients undergoing reductior\ll experiments were carried out in CDM3 media or CDMS3
mammoplasty for cosmetic reasons, and from residual tissue frosupplemented with 20% FCS. In replacement experiments instead of
mastectomy specimens with breast carcinoma. The cancer tissue wagoepithelial cells in the collagen-I assay, we used 10 o0l
removed from the tumors by a trained pathologist. The tissue wdaminin-1 (Sigma-Aldrich A/S, Vallensbaek, Denmark), 10 or 100
prepared as previously described (Péchoux et al., 1999). Briefly, it wasgy/ml laminin 10/11 (affinity purified from human placenta with mAb
mechanically disaggregated followed by enzymatic disaggregatiodC7) (Ferletta and Ekblom, 1999) (cat. #12163-010; Gibco BRL, Life
with collagenase to release epithelial organoids. The organoids wefechnologies A/S, Tastrup, Denmark), or Rdiml affinity purified
plated in CDM3 medium (Petersen and van Deurs, 1987) in collagefaminin-5 (kindly provided by Vito Quaranta, The Scripps Research
coated (Vitrogen-100, Palo Alto, CA) T-25 flasks (Nunc, Roskilde,Institute, La Jolla, CA and Jonathan Jones, Department of Pediatrics,
Denmark). Cells were kept at 37°C in a humidified incubator and thBlorthwestern University Medical School, Chicago, IL) (Koshikawa
medium was changed three times a week. et al., 2000) or ig/ml LG3 module of laminin-5 (Shang et al., 2001)
(kindly provided by Vito Quaranta).

Cell separation and cell lines

Luminal epithelial cells and myoepithelial cells were separated fronimmunocytochemistry

each other after organoids had spread out to monolayers in primaPpr characterization of interacting cells, normal breast, breast
culture. Cells were trypsinized and filtered as previously describedarcinoma biopsies, and the gels were frozen in n-hexan and mounted
(Péchoux et al., 1999). Luminal epithelial cell preparations that wermm Tissue Freezing Medium™ (Leica Instruments, Heidelberg,
more than 99% pure were generated by use of immunomagneticalmbH) for sectioning. Routinely, we useduf sections that were
retained cells in a column from two independent separations with antir dried for 15 minutes and fixed in methanol at —20°C. The sections
sialomucin antibody (115D8, kindly provided by J. Hilgers, Thewere preincubated with PBS supplemented with 10% goat serum.
Netherlands) and the myoepithelial cells were collected from the flowFhis buffer was also used for dilution of antibodies and for rinsing.
through. All cell separations were carried out by use of theéPrimary antibodies included anti-sialomucin (MAMS6, clone 115D8),
MiniMACS magnetic cell separation system according to theanti-occludin (OC-3F10, Zymed Laboratories, San Francisco, CA),
manufacturer’s instructions (Miltenyi Biotec, GmbH, Gladbach,anti- epithelial-specific antigen (ESA; VU-1D9, NovoCastra,
Germany, purchased from Biotech Line, Lynge, Denmark). To obtaiiNewcastle upon Tyne, UK) (Stingl et al., 1998), anti-Thy-1 (ASO-2,
up to 100% pure populations, cell suspensions were passed throupfanova), anti-cytokeratin (CAM5.2, Becton Dickenson, Mountain
columns at the highest possible flow rate (i.e. with no needles attach®¥éw, CA), anti-smooth muscle actin (HHF-35, ENZO Diagnostics,
to the column). The purified cells were plated on collagen-coatetlew York, NY), anti-vimentin (V9, DAKO, Glostrup, Denmark),
flasks in either CDM3 medium (luminal epithelial cells) or Dulbecco’santi-al chain, laminin-1 (EB7, kindly provided by I. Virtanen,
modified Eagle’s medium-Ham’s F12 (DME-F12) supplemented withUniversity of Helsinki), anta3 chain, laminin 5 (BM-165, kindly
cholera toxin and epidermal growth factor (myoepithelial cells)provided by R. E. Burgeson, Harvard Medical School, MA), abti-
(Petersen and van Deurs, 1988). Myoepithelial cells from primarghain, laminin 10/11 (4C7, DAKO), anpd4-integrin (3E1, Chemicon
carcinomas were purified by retaining cells in an anti-Thy-1 columnnternational, Temecula, CA), anti-maspin (clone 7, Transduction
(ASO-2, Dianova, GmbH). The sorted cells were used directly for cokaboratories, Lexington, KY), anti-keratin K17 (M7046, DAKO, anti-
culture experiments. For some experiments we used a myoepitheligdratin-associated protein (BG3C8 (Pallesen et al., 1987), kindly
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provided by J. E. Celis, The Danish Cancer Society, Denmark) andA), 10xPCR buffer including MgCl (Qiagen), 20QuM dNTP and
anti-type 1V collagen (CIV 22, DAKO). Immunoperoxidase staining 200 nM of forward and reverse primers. Control amplification was
was performed as previously described using rabbit anti-mousgerformed on RNA samples not subjected to reverse transcription to
immunoglobulins as secondary antibody (2259, DAKO) and PARverify that no contaminating genomic DNA was present (data not
complex as tertiary antibody (P850, DAKO) (Petersen and van Deurshown). The PCR products were analysed by electrophoresis in 1.5%
1988). For immunofluorescence and double-labeling experiments wagarose gels.

used iso-type specific antibodies all from Southern Biotechnology

(Birmingham, AL) as previously described (Rgnnov-Jessen et al., ) )

1992). Antibody incubations were carried out for 30 minutes whilelransplantation to nude mice

rinses were done twice, for 5 minutes each, all at room temperaturéhe parental cell line, HMT-3909S13 (Petersen et al., 1990; Rgnnov-
Some sections received a nuclear counter stain withg/ml Jessen and Petersen, 1993), was tested for tumorigenecity by
propidium iodide (Molecular Probes, Oregon, USA). Afterwardssubcutaneous inoculation offi€ells in the right flank of 12 BALB/c-
sections were mounted with coverslips by use of Fluoromount-@Gu/nu mice. The tumorigenecity of the isolated myoepithelial subline,
(Southern Biotechnology) supplemented with 2.5 mg/ml n-propyHMT-3909S16, was tested by transplantation of délls per mouse
gallate (Sigma-Aldrich) as previously described (Rgnnov-Jessen &t 6 mice. The mice were observed for three months and tumor size
al.,, 1992). Immunofluorescence was visualized using a Zeiss LSMas measured weekly.

510 laser scanning microscope (Carl Zeiss, Jena GmbH). Sections

were observed by use of ax2@l0x or 63x objective and sliced in the

z-plane in 0.2%um intervals and exposed to visualize FITC and Texa“??esults

red or propidium iodide. Polarization was quantified by counting al . . . .

acinar profiles (approximately 100) in three different cryostat sectiondhe functional unit in the normal human breast is the bilayered
of collagen-I gels from five different biopsies, all stained withacinus with an inner layer of polarized luminal epithelial cells
immunoperoxidase against sialomucin and counterstained witand an outer layer of myoepithelial cells separated from an
hematoxylin. Polarization was described as fractional when thgnterstitial collagen-I-rich stroma by an intact basement
frequency of correctly polarized profiles was lower than that obtaineghembrane. We had previously shown that in a laminin-rich

in normal biopsies. reconstituted basement membrane (rBM) assay, normal
luminal epithelial cells form an acinus with correct polarity
RNA isolation and RT-PCR even in the absence of myoepithelial cells (Petersen et al.,

Luminal epithelial cells embedded in rBM or collagen-I gel as We”1992). We reasoned that in vivo myoep_lthellal cells _most
as monolayer cultures of primary purified myoepithelial cells, MCF-7Probably would carry on the task of directing the polarity of
S9 (Briand and Lykkesfeldt, 1986), HMT-3909S16 and immortalizeduminal epithelial cells. Accordingly we searched for an assay
myoepithelial cells were harvested using TRIzol reagent, and tota¥here this hypothesis could be tested.
RNA was extracted according to the manufacturer’s instructions (Life  Myoepithelial cells were specifically removed as previously
Technologies, Roskilde, Denmark). described (Péchoux et al., 1999). The purified luminal
1.3 pg DNase-treated total RNA (DNase | Amp Grade, Life epithelial cells were embedded in either collagen-1 gels or in
Technologies) was used as template for first strand synthesis witN to imitate the interstitial stroma and the basement
?”9?1 OI'T .Pf;”.‘efs 36|SuplerScri[: F:reamp:tif;ﬁﬁion ;YSteénN A'-ifemembrane in vivo, respectively, and cultured for two weeks.
echnologies) in a 30l volume. A volume o rom this ¢ : ; . o - : .
served as template for the subsequent PCR-amplifications, usir-wlsgé'1IS resulted n the folrmatlon of S'm"@r spherlcal, acinus-like
primers specific for integrif4 (ITGB4), laminin subunitnl, a3 ructures, W'th a S“g.htly smaller size in collagen-| gels
and a5 (LAMAL, LAMA3 and LAMAS, respectively), collagen compared with rBM (Fl_g. 1a,b). In addltl_on, central lumina
type IV al anda2 (COL4AL and COL4A2, respectively), and Were observed only in rBM gels (Fig. 1c,d). Further
glyceraldehyde-3-phosphate-dehydrogenase (GAPDH). The primegharacterization of the gels revealed additional fundamental
were  LAMA1-FW:  B-AAAGTCGCCGTGTCTGCAGAC-3 differences in the structures of the acini in collagen-I gels and
LAMA1-RV: 5'-TTAAAATGAGTAACCTTCACAGC-3' (Engvall et in rBM. Double staining for sialomucin and ESA showed an
al., 1992; Slade et al, 1999), LAMA3-FW:'-AGCTCTT-  nside-out pattern in collagen-l gel, and a correct polarization
GCTGAACCGGATA-3, LAMA-3RV: 5'-AATGGCTCCCAAAGC-  (je. similar to the breast sections) in rBM (Fig. 2Aa,@he
[g&i;'%v_ L5A"\'A|'I(A:5A-'|":'\r% AGSC-égéTr%Eigggg'?%%ﬁif%ﬁ inside-out phenotype was further substantiated by double
5-CCTCCCTGTACCTGGGCAGGC!3 COLAAL-RV: B-CCCTT- staining for sialomucin and the tight junction marker occludin
GGGGCCAGGAAGACC-3  COLAA2-FW:  5-CCAAGGAA- (Fig. . 2Ab,b).. Quantification .of the number of . cor_rectly
GAGGTGGTGTGTCTG-3 COL4A2-RV: B-GGGCAGTGTGGG- Polarized profiles showed 0% in collagen-I geisq biopsies;
ATGGAGAC-3, GAPDH-FW: B-ACCCACTCCTCCACCTTTG-3 20 profiles per biopsy) compared with almost 100% in rBM.
GAPDH-RV: B-CTCTTGTGCTCTTGCTGGG-3 Every primer set Furthermore, collagen-I gels, in contrast to rBM, failed to
was tested at different amplification cycles to ensure that angupport either the basal targetingfdfintegrin (compare Fig.
similarities in band intensity between the analyzed templates were neAc and ¢) or the deposition of a continuous basement
the result of reactions reaching the plateau phase. For LAMAL, 3membrane as revealed by staining for type IV collagen (Fig.
cycles of amplification were performed with denaturation &C%ér 2Ad,d) or laminin (not shown).
1 minute, annealing at 55 for 1 minute, and extension at°Z2for We then tested the hypothesis that the aberrant
1 minute, followed by a final extension step at@Zor 7 minutes. morphogenesis in collagen-I gel could be corrected by addition

For LAMA3 and LAMAS5 amplification was performed as above, but : . L .
for 34 cycles and annealing at°8 COL4A1 and COL4A2 were of myoepithelial cells. This indeed was the case since normal

amplified for 35 cycles and 30 cycles with annealing &Cédnd ~ Morphology and polarity could be dramatically rescued by
61°C, respectively. GAPDH was amplified for 24 cycles with @ddition of myoepithelial cells. On average, 70+8% of the
annealing at 5%C. Each reaction was performed in afOvolume  acini in each experimentn£5 biopsies) exhibited correct

containing 2.5 U HotstarTag DNA polymerase (Qiagen, Valenciapolarity, targetedd4-integrin to the basolateral surface and
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rBM Collagen Fig. 1.Luminal epithelial cells form aberrant acini in collagen gels.
. - r - Cells were embedded in either rBM (a,c) or hydrated collagen-I gels
(b,d). (a,b) Phase-contrast microscopy revealed almost identical
spherical structures in collagen-I and rBM albeit with no visible
central lumen in spheres in collagen-I. (c,d) Haematoxylin staining
of cryostat sections of the gels showed lumen formation only in rBM
- (bar, 25um).

laminin-5, anda5 in laminin 10/11 (Virtanen et al., 2000).
These chains have been reported to be present in different
stages of morphogenesis and cancer (Colognato and
Yurchenco, 2000). Accordingly, we tested the effect of each of
these laminins in the assay. Both laminin-1 and rBM (10% final
concentration) could reverse polarity of luminal epithelial cells
when added to collagen-I gels (Fig. 4). By contrast, neither
affinity-purified laminin-5 (generous gift of Vito Quaranta and
Jonathan Jones) nor affinity-purified laminin 10/11 (cat.
- #12163-010; Gibco BRL, Life Technologies A/S) (Ferletta and
Ekblom, 1999) showed any evidence of a polarizing activity
(Fig. 4). Similar data were obtained by use of a recombinant
deposited basement membrane (Fig. "2Bac’,d"). This  LG3-module of laminin-5 (kindly provided by Vito Quaranta;
effect of myoepithelial cells on luminal epithelial spheres innot shown).
collagen-I gels appears to be cell type specific since co-culturesThese data would predict that (1) luminal epithelial cells do
of luminal epithelial cells with other breast cells (residentnot make sufficient laminin-1 to allow them to polarize in
breast fibroblasts) or non-breast cells (osteosarcoma cells) didllagen-I gels, and (2) that normal myoepithelial cells are the
not lead to reversal of polarity or formation of double-
layered acini (not shown). A B

rBM Collagen Collagen + MEP

Laminin can substitute for normal myoepithelial
cells in reversing polarity in collagen-1 gels

In collagen | gels, myoepithelial cells surrounded
epithelial cells and led to formation of double-laye
acini similar to their positions in vivo (compare Fig.
and c) whereas, in rBM gels, myoepithelial and epitr
cells sorted out by themselves (Fig. 3a). Thus, amol
randomly selected Thy-1-stained myoepithelial clu
in three different sections of EHS gels, we founc
examples of inclusion of luminal epithelial cells form
an acinus or any evidence of central lumen forme
This indicated that under conditions where lumr
epithelial cells were already correctly polarized,
myoepithelial cells were redundant. Since the lam
rich matrix could substitute for myoepithelial cells,
tested whether laminin alone added to collagen-I
could rescue polarity. The basement membrane i
human breast is characterized by the combined pre
of three a-chains of laminin:al in laminin-1, a3 in

Fig. 2. (A) Luminal cells make inside-out acini in collagen.
Luminal cells were double-stained either for (a) sialomucir
(red) and ESA (green); (b) sialomucin (red) and occludin
(green); (c) nuclear stain (red) apdtintegrin (green); or (d)
nuclear stain (red) and type 1V collagen (green). Spheres |
collagen-I gel (ab") exhibit reversed polarity compared with
cells in rBM (a,b), do not targ@d-integrin basolaterally
(compare ¢ and'xand fail to deposit a basement membran
(compare d and'f (B) Reversal of inside-out acini by addit
of myoepithelial cells. In the presence of myoepithelial cell
(a'-d"), the polarity is corrected as is the endogenous BM
deposition and integrin targeting. (bar,|28).
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Collagen

rBM

. : - Normal breast
Fig. 3. Luminal epithelial cells and ¥

myoepithelial cells sort themselves out insi a :
rBM gels but form bilayered acini inside -

collagen gels. The spatial organization of Ll
myoepithelial cells in relation to luminal MEP —+ w
epithelial acinar backbones was analyzed il g

rBM (a) and hydrated collagen-1 gel (b) and
compared to that in normal breast (c). Gels
were doublestained for Thy-1 to demonstra
myoepithelial cells (green) and propidium

iodide to demonstrate nuclei (red). Note the
whereas myoepithelial cells segregate from
luminal epithelial acini in rBM, in vivo-like double-layered structures are formed in the collagen-I based acinus assayrtar, 2

source of the polarizing principle through synthesis of lamininsynthesize laminin-1 and luminal cells do not, we conclude that
1. To test these predictions, the synthesis of basemelaminin-1 is important for signalling and crosstalk between
membrane components by normal luminal cells andnyoepithelial and luminal epithelial cells in vivo (Rousselle et
myoepithelial cells was evaluated using RT-PCR. A tumor celal., 1991; Colognato and Yurchenco, 2000; Virtanen et al.,
line that did not synthesize laminin-1 (not shown) was used &000).

negative control. Luminal epithelial cells made little or no

laminin al chain either in collagen-1 or in rBM. By contrast, ) o

myoepithelial cells expressed copious amounts of lamtiiin  Cancer-derived myoepithelial cells share many

(Fig. 5). Both cell types expressaB-chain and the5-chain ~ characteristics of normal myoepithelial cells but fail to

of laminin in addition toal- and a2-chains of type IV reorientinside-out acini

collagen. Furthermore, immunostaining of sorted luminalOne of the hallmarks of breast cancer is loss of polarity and
epithelial- and myoepithelial cells within (mouse) rBM with organization of epithelial cells. It is also known that many
antibodies specific to (human) 400 kDa-, the 165 kDan3-,  breast tumors lack myoepithelial cells (Rudland, 1987).
and the 380 kDai5-chain (Rousselle et al., 1991; Virtanen However, even in the cases where myoepithelial markers have
et al., 2000), revealed that the critical difference could béeen detected, luminal cells remain largely disorganized
narrowed down to the lack of deposition afl-chain- (Wetzels et al., 1989; Malzahn et al., 1998). We asked whether
containing laminin by luminal epithelial cells (Fig. 6). A these tumor myoepithelial cells lacked the ability to signal to
similar pattern was obtained when established normal cell lindaminal cells for polarity, and whether this was due to their
derived from myoepithelial and luminal epithelial cell origin inability to synthesize laminin-1.
were examined (not shown). Since myoepithelial cells and pure

laminin-1, but not laminin-5 or laminin-10/11, correct luminal

&
epithelial cell polarity, and because myoepithelial cells 3;@‘ go\\"’t’" &
g Rl M
Q™ Q¥ 2 £
S ¥ ¥
100
o LAMALI
80 4
SRCE LAMA3
‘T 604
@
T 504
I LAMAS
5 404
S 0]
20 COL4A1
10 4
0 4
F L N O L COL4A2
P X & & §
g & S &S
VR NN Q}Q\ GAPDH
Q& o
i x

Fig. 4.0nly laminin-1 and not laminin-5 and -10/11 can correctly ~ Fig. 5.LAMA-1 chain is expressed only in myoepithelial cells. RT-
polarize acini in collagen gels. Luminal epithelial cells without PCR analysis of laminiol (LAMAL), laminin a3 (LAMAS3),
myoepithelial (LEP alone) had no correctly polarized acini. Addition laminina5 (LAMAS), type IV collagera1 (COL4A1L) and type IV

of 10% rBM or pure laminin-1 reversed polarity to the same degree collagena2 (COL4A2) in luminal epithelial cells in rBM and

as normal-derived myoepithelial cells (MEP). Neither affinity collagen-1 gel and in myoepithelial cells and MCF-7 cells. GAPDH
purified laminin-5 nor laminin-10/11 possessed the ability to revert is used as an internal control. Note that the only laminin chain that is
acinus polarity. not expressed in the pure luminal epithelial cultures isifhehain.
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ol ANAE .
0’.3 B Cancer-derived MEP Normal-derived MEP
f F : ..-'.
| o PR N-MEP

Fig. 7.Cancer-derived myoepithelial cells share many characteristics
Fig. 6. Luminal epithelial cells and myoepithelial cells can deposit  0f normal myoepithelial cells but fail to reorient inside-out acini.
botha3-chain andx5-chain of laminin but only myoepithelial cells ~ (A) Isolation of cancer-derived myoepithelial cells expressing typical
can deposit laminiel chain. Luminal epithelial cells (a,c,e) and myoepithelial markers. Purified cancer-derived myoepithelial cells

myoepithelial cells (b,d,f) embedded in rBM were stained for (a,b) stained witlu-smooth muscle actin (green) and keratins (red)
lamininal (a,b; green), laminia3 (c,d; green) and laminim5 (e,f; to document the concurrent myo- and epithelial phenotypes (bar, 50
green). Both luminal epithelial cells and myoepithelial cells deposit aim). (B) Lack of reversal of inside-out acini by cancer-derived
basement membrane except for the lackthain deposition by myoepithelial cells. Sections of (a) the acinus assay embedded with
the former. Nuclear stain, red. (bar, |28). the cancer-derived myoepithelial cell line and (b) an immortalized,

normal-derived myoepithelial cell line. The sections are double
stained for the apical marker sialomucin (green) and the nuclear stain

Since it is not simple to isolate myoepithelial cells frompropidi_um i_odide (red). Note the lack of polarization_ with the_ cancer
breast cancers, we initially used a breast cancer cell lifgY0epithelial cells (C-MEP) and the correctly polarized lumina
(HMT-3909S13) previously established in our laboratory encircled) with the immortalized myoepithelial cells (N-MEP) (bar,
(Petersen et al., 1990; Rgnnov-Jessen and Petersen, 19§§5lm)'
that produces myoepithelial cells at the stromal-epithelial
junction in tumors generated in nude mice. These tumors
resemble biphasic human breast carcinomas as shown therefore, these cells qualify as myoepithelial cells.
double-staining with human specific antibodies to vimentirNevertheless, they completely failed to correct polarity of
and keratin (not shown) (Malzahn et al., 1998). Weuminal cells in collagen-lI gels even at cell numbers ten
purified the myoepithelial cells from HMT-3909S13 by times higher than those sufficient for normal myoepithelial
immunomagnetic sorting usingl-integrin antibody (see cells to elicit this function (Fig. 7Ba). Since these cells were
Materials and Methods). These cancer-derived myoepitheli@nmortal, and the normal myoepithelial cells used in our
cells, referred to as HMT-3909S16, further resemble normalssay were not, we asked whether the inability to correct
myoepithelial cells by a number of criteria: they emergepolarity was related to immortalization. We therefore also
from the luminal epithelial lineage (Péchoux et al., 1999) agnmortalized purified normal myoepithelial cells with
shown by clonal culture; they are myoepithelial restricted irE6/E7, and cultured them for a similar number of passages
their differentiation repertoire once isolated from the cance40) as the cancer-derived myoepithelial cells. Co-culture of
cells; they coordinately express vimentin, keratins end the normal-derived myoepithelial cell line with luminal
smooth muscle actin (Fig. 7Aa,b), and they are nonepithelial cells in the collagen | assay resulted in correct
tumorigenic in nude mice even after injection of ten times apolarization in 63+5% of the acini (Fig. 7Bb, Fig. 9), in
many cells as were sufficient for tumor-take with the parentatontrast to zero percent (Fig. 7Ba, Fig. 9) when the cancer-
line (0/6 mice compared with 11/12 mice). Collectively, derived myoepithelial cell line was used.
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Table 1. Myoepithelial differentiation in normal and Furthermore, a basement membrane, albeit fragmented, was
cancer-derived myoepithelial cells deposited, anfi4 integrin was targeted to the basal cell surface
Immortalized MEP Cancer-derived MEP (Fig. 9). To test whether the data obtained with tumor-derived
cell line cell line myoepithelial cells in culture was indeed representative of
tumor tissue, we further stained 12 infiltrating ductal breast

carcinomas with laminin-1. Seven carcinomas were completely

Differentiated trait

+

Laminin-1* -
Laminin-5 + +
Laminin-10/11 + I+ negative for laminin-1. The other five carcinomas including
z'esr’;iﬁg“” : : one carcinoma in situ showed foci of fragmented basement
Vimentin + + membrane staining which was clearly less pronounced than in
al-integrin + ¥ normal breast tissue (Fig. 10). Double staining for either of the
a3-integrin + + myoepithelial markers maspin, keratin K17 or Kkeratin-
associated BG3C8 (not shown) and laminin-1 revealed that

*All markers listed are positive in primary cultured myoepithelial cells. tumor-associated myoepithelial cells were either negative or
weakly positive for laminin-1 (Fig. 11). Whenever residual

*Positive cells in the presence of serum.
) o ) o normal breast tissue was present in the carcinomas (2/12), a
Cancer-derived myoepithelial cells fail to revert inside- strong staining for laminin-1 was recorded in connection with
normal cells. We conclude that, even though myoepithelial

out acini unless they synthesize laminin-1
To test the hypothesis that the critical difference betweeopells of tumors exhibit many traits in common with normal

immortal myoepithelial cells isolated from normal andmyoepithelial cells, it is the production of laminin-1 that
neoplastic breast tissue was their ability to synthesize laminigietermines their capacity for heterotypic crosstalk.

we stained the cells for a number of myoepithelial
differentiation markers (Table 1). The major difference in the
markers tested was clearly the ability to make laminin-1. Thi
difference was further confirmed by RT-PCR (Fig. 8). To

substantiate the significance of these observations further, v
purified myoepithelial cells from 3 primary carcinomas, being
well aware that these could contain cells from residual benig
ducts. Nevertheless, in two of the three preparations, tt

carcinoma-derived/-associated myoepithelial cells behaved

a manner similar to the established myoepithelial cell line (Fic
9). The one cancer-derived/-associated myoepithelial ce
sample which could polarize the luminal epithelial cells alsc

contained myoepithelial cells staining for laminin-1 (Fig. 9).

&0 : |'I

| 8-

SR )

S . [
RO ' 2 ,I'II: I
& T
. <
4

iy o
]_arlmlmn—l 4 s
staining

¥ = & > &

@ o
o o

@
o

Polarized acini (%)

Fig. 9.0nly one of four cancer-derived myoepithelial cells can
Fig. 8. The cancer-derived myoepithelial cell line lacks the completely reverse acinus polarity in collagen gels. Frequency of
expression of laminimkl chain only. RT-PCR on RNA extracted correctly polarized acini in sections of collagen-1 gels. Addition of
from cancer-derived myoepithelial cell line, immortalized, normal- cancer-derived myoepithelial cells from four different sources failed
derived myoepithelial cells (MEP), primary cultured MEP and MCF- completely to revert acini in two instances, had a partial impact on

7 S9 cells. The panel showd-chain (LAMAL),a3-chain reversion in one instance, and could revert in the fourth case. Inserts
(LAMA3), a5-chain (LAMA5) and GAPDH as an internal control.  show staining fof4-integrin (green) counterstained with propidium
While thea3 mRNA was low in the cancer-derived MEP cell line, iodide (red). Data represent mean (+s.e.m.) except for the primary
theal-chain was the only differentially expressed chain between  cancer-derived MEP, which are means of triplicate determinations
normal-derived and cancer-derived myoepithelial cells. (zs.d.). (bar, 2Qum).
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Fig. 10.Reduced staining of
laminin-1 in human breast
cancer. Cryostat sections of ) &
terminal duct lobular unit ~ IDC(1) =% o

(TDLU) (a), a ductal SN ACASS. Yk = &

carcinoma in situ (DCIS) (b) - R 4

and four different infiltrating = P S=. -/ A s e 0
ductal breast carcinomas - X A O] e o
(IDC) (c-f) stained with &7 & e N\ RS S
immunoperoxidase for L A~ o o= LT .

laminin-1 and counterstained r— E . e P
with hematoxylin. In the e 'S R 2, _,.I_.,_ th~m N Va8
TDLU a strongly stained, - - s ¥ > 7 | A
continuous basement WA ‘i‘/ WL 'S, 4

membrane is delineated at ANy : ‘; A

the stromal (S)-epithelial (E)
interface (a). In carcinomas, ( i | IDC(4)
laminin-1 staining is Lo : _ A

localized to the stromal L a G ke’ ¢ .- N
(S)-cancer epithelial (C) Y L L 2 Ny \ X
interface, but is e e Pt L~ ;
discontinuous and less Fid AP | '

pronounced. (bar, 25m). F AP e -

IDC(2)

wd o o '

Discussion functional differentiation of mouse mammary cells grown in

In the present study we demonstrate that myoepithelial cells fPllagen-I gels (Streuli et al., 1991) and for polarization of
the normal human breast function to maintain correct polaritjntestinal, kidney and breast epithelial cells in monolayer
of the cellular axis of luminal epithelial cells through theirculture (Klein et al., 1988; De Arcangelis et al., 1996; Slade et
ability to synthesize laminin-1. We also present evidence that&l-» 1999). Because specific antibodies to human laminin-1
majority of the tumor-derived/-associated myoepithelial celld'ave not been readily available, it has been difficult to correlate
tested, even when they retain an extensive myoepitheliff§ Presence with an observed activity in vivo or in collagen
differentiation program, fail to correct luminal epithelial cultures. One available antibody which was assumed to react
polarity because they have lost their ability to make laminin-1With the al-chain of laminin-1 (Engvall et al., 1986; Engvall
et al., 1990), has more recently been shown to react specifically

) o with the a5-chain of laminin 10/11 (Tiger et al., 1997). Thus
The function of normal myoepithelial cells some of the literature using this antibody needs to be re-
The cells of the normal human breast have been assayedaluated because tls-chain has a wider distribution than
previously in collagen-I gels, but these preparations includethe al-chain (Virtanen et al., 2000). Only recently, a
myoepithelial cells (Foster et al., 1983; Hamamoto et alimonoclonal antibody that is specific for thel-chain of
1988). Thus, functional analysis of pure normal epithelial otaminin became available. Thus it is now possible to analyze
myoepithelial cells within the context of breast morphogenesithe human tissues to complement the results with in situ
has awaited a sufficiently sophisticated technology to separaksbridizations and those of immunostainings of mouse tissues
the different cell populations with immunomagnetic antibodiegVirtanen et al., 2000). In the present study we used this
(Clarke et al., 1994; Gomm et al., 1995; Péchoux et al., 199%ntibody (a kind gift of I. Virtanen) in parallel with our RT-
Nevertheless, that a major function of myoepithelial cells is t®CR reactions.
manufacture basement membrane material was inferred fromPrevious studies have suggested that the expression pattern
studies of myoepithelial cell lines (Warburton et al., 1981pf the al-chain of laminin-1 is largely restricted to the fetal
Kedeshian et al.,, 1998). Laminin-1 was important fortissues (Tunggal et al., 2000) and thatdhechain is replaced
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by thea5-chain of laminin 10/11 in the adult (Ekblom et al., membrane and expression of laminin-1, can polarize on
1998; Tunggal et al., 2000). However, in the adult humatissue culture plastic without a laminin coating and can
breast,al-chain remains expressed together wathrchain  form a complete set of sealed tight junctions and a
(Virtanen et al., 2000). We suggest this is because the breagtecialized apical cell membrane domain with microvilli
continues to undergo developmental-like changes in the adykan Deurs et al., 1987). Therefore, the reverse polarity of
during menstrual cycles, puberty, pregnancy and menopaus®rmal human primary breast epithelial cells in collagen-I gel
As such, it is a continuously developi~~

organ.

Another member of the laminin fam
expressed in the human breast base
membrane is thea3-chain of laminin-!
(Martin et al., 1998). Laminin 5 express
has been associated with cell differentia
during tooth development (Salmivirta &
Ekblom, 1998). Compatible with
differentiating function, laminin 5 has be
suggested as a potential tumor suppress
the human breast (Martin et al., 1998). In
present study we identify myoepithelial c
as the only source ofl chain while botlu3-
and ab5-chains are expressed by lum
epithelial cells also.

How different tissues achieve polarity
undoubtedly governed by some brc
universal rules. However, the specific def
would most certainly have to be tis:
specific. Thus, in an epithelial kidney ¢
line (MDCK), clonal cells were reported
polarize in collagen-1 gels independently
the deposition of laminin-1, and it w
concluded that basal lamina formation
not required for maintenance of structi
and functional polarity (Ecay and Valenti
1992). This may, however, pertain only
certain cloned cells (see Note addec
proof). Both kidney and thyroid epithel
cells can undergo polarity reversal, a
shown here for breast luminal epithe
cells, except the shift occurs betw
suspension cultures and embedding in
collagen gels (Gumbiner, 1990). Moreo'
even among different cell lines of the s¢
tissue, different results have been repc
from different laboratories. Thus caut
needs to be exercised when the informe
from cell lines is extrapolated to the pare
tissue. For example, the ‘normal’ mur
mammary epithelial cell line, NMuM(
cultured inside attached collagen g
formed polarized acini in the absence
added laminin and with little or no appar
endogenous laminin deposition (Sorian:
al., 1995). The pancreatic cell line S2-C
which forms correctly polarized acir
structures in both collagen gel and
rBM, deposits an endogenous baser
membrane only in rBM (Yamanari et
1994). Moreover, we have shown previol
that the human breast carcinoma cell
used in the present study as a neg
control for the formation of basemt

a

Fig. 11.Absence of, and reduced staining of laminin-1 in tumor-associated myoepithelial
cells. Double-labeling immunofluorescence of a normal acinus in a TDLU (a,b) and two
different carcinomas (c,d and e,f) to demonstrate laminin-1 in red (a,c,e) and in a
coexposure with myoepithelial cells in green (b,d,f) as stained with keratin 17 (b,d) or
maspin (f). The bottom panels illustrate the presence of myoepithelial cells at the stromal
(S)-cancer epithelial (C) interface in total absence of laminin-1 staining. The middle
panels show infiltrating ductal carcinoma with tumor-associated myoepithelial cells
expressing a variable but generally weak staining for laminin-1 compared with a normal
acinus in the top row. (bar, %0n).
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and their response to myoepithelial cells could not have bedavorable prognosis and is often polarized correctly (Lundin et
easily inferred from studies on other tissues or cell linesal., 2001), a fragmented basement membrane has been
Finally, correct polarization in collagen gel has been reportedescribed in 75-90% of the cases (Albrechtsen et al., 1981,
for epithelial cells of the intestine (Kirkland, 1988), lung Gusterson et al., 1982). At the ultrastructural level,
(Sugihara et al., 1992), endometrium (Kirk and Alvarez, 1986)nyoepithelial-like cells have also been reported in grade |
gall bladder (Mori and Miyazaki, 2000) and several othercarcinomas (Hayashi et al., 1984). Finally, several reports have
tissues. In fact, we have not been able to find another examperrelated the ultrastructural or immunoreactive presence of
of epithelial cells with an inside-out pattern of polarity in myoepithelial-like cells with an ultrastructurally or
collagen gel, suggesting that the normal human breast glamimunocytochemically defined basement membrane (Gould et
with its well developed layer of myoepithelial cells may beal., 1975; Wetzels et al., 1989; Senzaki et al., 1992).
unique in this behaviour. Therefore, breast luminal and
myoepithelial cells together may indeed be the ‘unit of
polarity’ in breast. The double-layered acinus
The ultimate unit of function in any organ is clearly the organ
itself. In the breast, an important component of this functional
Some cancer-derived myoepithelial cells are deficientin  ynit is the double-layered acinus composed of luminal and
their ability to reverse luminal polarity myoepithelial cells. While this is not strictly equivalent to the
It is generally believed that breast cancers lack myoepitheliddreast gland, it nevertheless captures an essential component
cells (Li et al.,, 1998). While certain biphasic or bimodalof the functional entity of the breast. In this report, we have
carcinomas manufacture cells with a partial myoepitheliahchieved both an assay for formation of the double-layered
differentiation program, this does not confer a better prognosecinus and have unraveled an important underlying
for the patients (Malzahn et al., 1998). These data could argmeechanism for its formation. We propose that the inability to
against the postulate that myoepithelial cells can act as tumporaintain the polarized double-layered structure in breast
suppressors. The finding of functional defects in cancetumors is a result of aberrant laminin-1 production by
derived myoepithelial cell lines and two of the primary cellmyoepithelial cells. This may be a fundamental reason behind
lines may provide an explanation for the above observations the poor prognosis in some breast cancers. We further
vivo. In some breast carcinomas, neoplastic myoepithelial cellsropose that both the prognosis and treatment of breast
are present and appear to be functional. This is the case withncer should consider this structural and functional unit as
the adenoid cystic carcinoma, which has a favorable prognosistarget.
and does not metastasize to distant sites (Kasami et al., 1998).
In these carcinomas, laminin is deposited, and the neoplastic
luminal epithelial cells polarize correctly (Kasami et al., 1998) Note added in proof
Nevertheless, in the light of the above discussion on specificitgince the submission of this manuscript on January 12, 2001
of the existing laminin antibodies, the deposition of laminin-1two papers have appeared both in the same isN&tofe Cell
needs to be confirmed using the new specific antibodies. OnBiology that bear on our current report: O'Brien, L. E. et al.
very recently, the staining pattern of laminin-1 using the samBacl orientates epithelial apical polarity through effects on
antibody as used in the present study (Clone 161 EB7) wémsolateral laminin assemblyat. Cell Biol.3, 831-838, 2001,
conducted on a panel of tumors from a number of tissuemnd Runswick et al. Desmosomal adhesion regulates epithelial
(M&atta et al., 2001). It was concluded that laminin-1 wasnorphogenesis and cell positionimgat. Cell Biol.3, 823-830,
generally absent from invasive breast carcinomas and that4001. O'Brien et al. show that apical polarity in MDCK
was strongly expressed around normal breast epitheligpithelial cysts requires both laminin and Racl. Runswick et
structures (Maatta et al., 2001). This is compatible with thal. demonstrate that more than just cell-ECM interactions
studies reported here. We show additionally that wheneveontribute to the double-layered acinus formation.
actually present focally, the laminin-1 staining is weak and
fragmented, and that it may (_:oloc_alise W-ith- the expression of We thank Tove Marianne Lund and Winnie Hansen for expert
other markers of myoepithelial differentiation. OF the threetechnical assistance, Keld Ottosen for printing the micrographspand

primary myoepithelial cell samples isolated from carcinomMasp g g Radisky for critical reading of the manuscript. The Aasted Clinic,
one was able to almost completely revert the normal lumin

; 2L g e Private Clinic, the Sgllergd Plastic Surgery Clinic and Rigshospitalet
cells and one had partial activity. Although this could beare gratefully acknowledged for providing the biopsy material. The

interpreted in favour of different degrees of ‘contamination’ ofprocedure for collection of biopsies has been judged consistent with law
tumor tissue, we have additional data to suggest that, in sorf@3 of June 24 1992, by the Regional Scientific-Ethical Committee for
other respects, these cells did not behave exactly like norma&lopenhagen and Frederiksberg, Denmark, file no. (KF) 01-216/93. This
derived myoepithelial cells in our assay. However, regardlesiork was supported by grants from the Icelandic Research Fund for
of the source of myoepithelial cells or their otherwise aberrarferaduate Students, Dansk Kreeftforskningsfond, the Dagmar Marshalls
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